Motivated by the latest results of the LHC Run-2 and LUX experiments, we examine the status of the constrained minimal supersymmetric standard model by performing a global fit. We construct a likelihood function including the electroweak precision observables, B-physics measurements, LHC Run-1 and -2 data of SUSY direct searches, Planck observation of the dark matter relic density and the combined LUX Run-3 and -4 detection limits. Based on the profile likelihood functions of 1 billion samples, we obtain the following observations: (i) The stau coannihilation region has been mostly excluded by the latest LHC Run-2 data; (ii) The focus point region has been largely covered by the LUX-2016 limits while the A-funnel region has been severely restricted by flavor observables like B s → µ + µ − . The remaining parts of both regions will be totally covered by the future LZ dark matter experiment; (iii) Part of the stop coannihilation region may be detected with higher integrated luminosity LHC; (iv) The StauC&AF hybrid region still survives considering both LHC and dark matter experiments; (v) The masses of the stop, the lightest neutralino and the gluino have been pushed up
I. INTRODUCTION
Supersymmetry (SUSY) is one of the most promising candidates for addressing the long outstanding hierarchy problem in particle physics. Among various SUSY models, the constrained minimal supersymmetric standard model (CMSSM) [1] is especially attractive, which is an effective parametrization motivated by supergravity models. In CMSSM, there are only five free parameters at the GUT scale: the universal scalar mass M 0 , the gaugino mass parameter M 1/2 , the universal trilinear coupling A 0 , the ratio of the two Higgs vacuum expectation values tan β and the sign of the Higgs/higgsino mass parameter sign(µ). All the masses and couplings of the sparticles at weak scale are determined by these five input parameters through the running of renormalization group equations (RGEs), which makes the CMSSM highly predictive.
In the past decades, many efforts have been devoted to investigate the CMSSM from various collider and dark matter experiments. In particular, the discovery of the 125 GeV Higgs boson [2, 3] and null results of the LHC direct sparticle searches provide significant constraints on the parameter space of the CMSSM . The value of M 0 has been pushed up to several hundreds GeV or larger, and thus leads to a tension between the observed Higgs mass and muon g−2 anomaly. In order to be compatible with the measured cold dark matter relic density, the parameter space of the CMSSM is further restricted to several regions, namely stau coannihilation (StauC) strip, stop coannihilation (StopC) strip, focus-point (FP) region where the annihilation rate is enhanced by a significant higgsino component in the lightest neutralino, and A-funnel (AF) at large tan β where the annihilation via a heavy MSSM Higgs boson H/A is dominant. Among these regions, the FP region was expected to have a low fine-tuning due to the RGE trajectories of the mass squared of the Higgs doublet (m Their new limits are about four times stronger than the LUX-2013 results [33] . All of these results will tightly constrain the parameter space of the CMSSM and illuminate the way to the search of CMSSM in future experiments. Therefore, it is necessary to examine the CMSSM with these new experimental data.
In this work, we adopt a Bayesian approach to scan the parameter space of the CMSSM by constructing a global likelihood function. We implement the constraints including the Higgs boson mass, the dark matter relic density, the flavor observables, the electroweak precision data and the muon g − 2 measurement. We will compare the currently allowed parameter space of the CMSSM with the previous result allowed by the LHC Run-1 data and present the lower limits for various sparticles. We also estimate the prospects of the LUX-Zeplin (LZ) experiment and the high luminosity LHC for covering the parameter space of the CMSSM.
The paper is organized as follows. In Section II we describe the scan strategy and the constraints used in this study. In Section III we present the allowed parameter space of CMSSM under the current constraints and show the prospects of future experiments. We draw our conclusion in Section IV.
II. SCAN STRATEGY AND CONSTRAINTS
In our scan, we use the Markov Chain Monte Carlo (MCMC) method based on the Metropolis-Hastings algorithm [34] to obtain the samples. The MCMC algorithm is used to generate a chain of samples whose density is proportional to the posterior probability density function (PDF) p(η|d). The PDF represents the state of knowledge about the parameter η after the experimental data d, which is given as
where (η) stands for some experimental observable. The likelihood function p(d| (η)) ≡ L(η) gives the probability density of obtaining d from experiential measurements of . The prior PDF π(η) parameterizes the assumptions about the theory before performing the measurements, and the evidence p(d) represents the assumptions on the data.
A. Prior PDF
In the prior PDF π(η), η represents the parameters of CMSSM and SM. For our study, they are M 0 , M 1/2 , A 0 , tanβ, sign(µ) and the top quark mass m t . The prior PDF is chosen subjectively to concentrate on the parameter space of interests. There are two popular choices for the prior PDF, which are the so-called Flat and Log scans. The Flat prior means that the PDF for the parameter is uniform in the given range, while Log means that the PDF of parameter is logarithm. Thus, Log prior has more preference in the lower parameter region. The SM parameter m t is given by the experimental data, and therefore we adopt
. In Table I , we display the prior PDF and the scan ranges of the CMSSM parameters. Other SM parameters are taken as [35] 
In Table II , we list the experimental values used in calculating L precision , in which we assume the Gaussian approximation: 
0.23153 0.00016 0.00010 [48] whereμ i (η) denotes the predicted value of observable η in the model, µ i is the corresponding central value of experimental measurement, σ i and τ i are experimental and theory uncertainties, respectively. In our study, we use SOFTSUSY 3.3.1 [36] to generate the mass spectrum of sparticles. We use the MicrOMEGAs 2.4.5 [37] to calculate the dark matter relic density by assuming that the lightest neutralino is the solely dark matter in the universe. We also employ SuperIso v3.3 [38] to evaluate the flavor physics observables and FeynHiggs 2.12
[39] to obtain the Higgs boson mass and the electroweak precision observables. We apply GM2Calc [40] for the calculation of the muon g − 2. Finally, we interface all these programs with EasyScan HEP [41] and adopt the built-in Metropolis-Hastings algorithm to perform the MCMC scan.
Since the LHC searches for the jets and missing transverse momentum, with or without leptons or b-jets events, give strong constraints on the CMSSM parameter space [49] , we implement these bounds by recasting the relevant experimental analyses. We simulate the SUSY signal processes with MG5@NLO [50] , PYTHIA [51] and Delphes3.3.0 [52] . We use The likelihood function L LEP from the LEP direct searches for sparticles is evaluated by using a step function. We set a large value of ln L LEP for the samples excluded by LEP, while set 0 for the samples allowed. We find that our results are not sensitive to L LEP because LEP limits on the sparticle masses are much weaker than those from the LHC. 
which includes the volume effects and the peaks of the highest posterior mass. However, the result from the marginal posterior PDF depends on the assumption of different prior probabilities.
The frequentist profile likelihood function is defined as
where L(η) is the likelihood function in Eq.(1), ξ = η 1 , ..., η i−1 , η i+1 , ..., η n andξ is the value of ξ which maximizes L(η). According to the definition, the profile likelihood function is independent of the scan method. Thus the samples obtained from MCMC scans with 'Flat' or 'Log' prior PDF can be merged together. Since the frequentist approach leads to a well defined probability, we present our results by the profile likelihood. The confidence intervals/regions from the resulting 1D/2D profile likelihood maps are given by the profile likelihood ratio −2 ln λ(
corresponding to the maximum likelihood function (i.e. the best fit point).
III. RESULTS
In this section, we present the allowed parameter space of the CMSSM from the profile likelihood functions of 1 billion samples.
In Fig. 2 , we show the allowed parameter region of CMSSM on the planes of (m is bino-dominated, LUX constraints on this region will become weak. It should also be noted that in this region the mass difference δmτχ betweenτ 1 andχ 0 1 can be very small. As a result,τ 1 may decay in the outer part of the LHC detector or outside the detector.
It is shown in [18] that theτ 1 signature at the LHC would be a massive metastable charged particle if δmτχ < 1.2 GeV and a disappearing track if δmτχ > 1.2 GeV.
The exclusion limits yielded from the searches for disappearing tracks and metastable charged particles at the LHC have been studied in [9] . As shown in [9] , such limits are weaker than those from the 0 lepton + 2-6 jets +E • In the StopC region, the mass difference between the stop and LSP is restricted to a very narrow strip, mt 1 − mχ0 1 < 30 ∼ 44 GeV where mχ0 1 is between 300 ∼ 900 GeV, which makes this region hard to be fully explored by LHC search. In this region, the LSP neutralino is almost exclusively a bino with mass mχ0
GeV, where the lower bound comes from LHC SUSY direct searches and the upper bound is derived from the limited range of A 0 . A rather large A 0 , which appears in the off-diagonal term of stop square mass matrix, is required to get a rather lightt 1 .
Since the wino and Higgsino component of LSP neutralino is extremely tiny, protonneutralino scattering cross sections are expected to be small. Therefore, the DM direct scarcely restrict the StopC region.
• In the AF region, theχ CL region is much lager than the 68% CL region in the AF region. This is mainly because that the observable Br(B s → µ + µ − ) is proportional to tan 6 β. The whole AF region can also be covered by the LZ experiment. In addition, the study in [17] showed that the AF region would be covered by the Br(B s → µ + µ − ) measurement at the 14
TeV LHC with 50 fb −1 luminosity data.
• Besides above pure regions, there are two 'hybrid' regions satisfy two of the conditions. However, they basically dominated by signal annihilation mechanism. The pink region have similar properties to the AF region, i.e., moderate M 0 , M 1/2 , a large tanβ and a positive A 0 . The samples in the gray region generate appropriate DM relic density mainly by stau co-annihilation. But they are much different from the StauC region as their signs of µ are negative. As a result, they are blind to both LHC and DM direct detection experiments. Fortunately, negative µ leads to worser ∆a µ than the SM prediction, which retains the possibility to detect this region.
In Fig. 3 , we display the predictions of the low energy observables (left panel) and mass spectrum of sparticles (right panel) in the preferred parameter space. The light and dark green (blue) bars indicate 95% and 68% CL 1D intervals obtained from (µ) stands for sign(µ). All masses are in unit of GeV. while the red points stand for the over-all best-fit point. From Fig.3 we can see that the main contribution to the likelihood comes from the muon g −2, δa SUSY µ . Due to the new LHC strong constraints on the StauC region, the SUSY contribution to ∆a µ becomes rather small.
The 95% CL upper limit on δa
Compared with the LHC Run-1, the null results from the 13 TeV LHC SUSY searches also push the 95% CL lower mass bounds of the gluino and the first two generations of squarks from about 1.2 TeV to 1.8 TeV, the lightest stop from 232 GeV to 356 GeV, and the LSP from 196 GeV to 324 GeV. Therefore, the SUSY contributions to B-physics observables also approach to the decoupling limit. The Higgs mass is much easier to satisfy the experimental measurements. Note that, except for electroweakinos, the upper mass limits on sparticles are determined by the scan range of the input parameters, i.e., the prior PDF.
In Table III We can see that the local best point in the StauC region has a smaller Higgs mass but a larger muon g − 2 than those in FP and AF regions. On the other hand, the spin-independent cross section of the local best point in FP region is much larger.
We also computed the fine-tuning by SOFTSUSY 3.3.1 with the definition [74] :
where a stands for the set of fundamental parameters {M 0 , M 1/2 , A 0 , µ, B} at the GUT scale.
It can be seen that the fine-tuning value of the local best point in the StauC region is about two thousand, which is much smaller than those in FP and AF regions.
IV. CONCLUSION
In this paper, we examined the status of the CMSSM by performing a global fit under the current available constraints, in particular the LHC-13 TeV SUSY direct searches and the combined LUX Run-3 and -4 dark matter direct detection limits. 
